We studied the preventive effect against allergies in infants who and whose mothers consumed hypoallergenic formulas until 6 months after birth. Mother and infant pairs were divided into three groups, and the infants were monitored for the development of allergies for the first 2 years. In the MD group (n=102; n=number of infants), the mothers were given a hypoallergenic formula for mothers (MOM HA), which contained hydrolyzed whey protein as the only protein source, as a substitution for cow's milk during late pregnancy and lactation. In the CD group (n=127), the mothers were given cow's milk during the corresponding period. All infants in the MD and CD groups were exclusively breast-fed or mixed-fed with breast milk and hypoaller genic infant formula (NAN HA), which contains the same hydrolyzed protein as MOM HA. In the AF group (n=54), the mothers consumed MOM HA and their infants were mixed-fed with breast milk and a cow's milk-based adopted infant formula during the corresponding period. In the MD group, no infants were positive to cow's milk-specific im munoglobulin E (RAST) at 4 months of age, in contrast to 6% and 3% of infants in the CD and AF groups, respectively. The infants in the MD group showed low incidence of various allergies, especially of eczema, as compared to the CD and AF groups. These results suggest that consump tion of cow's milk by mothers and cow's milk-based formula feeding to infants elevate the risk of allergies in infants, and that consumption of hypoallergenic formula for pregnant and lactating women and for infants could be helpful in preventing allergy development in infants.
groups: the MOM HA diet group (MD group, n=140), the cow's milk diet group (CD group, n=140) and the adopted infant formula-fed group (AF group, n=70). The women in the MD and AF groups were instructed to consume more than 200 mL of MOM HA every day from late pregnancy to the end of lactation or until 6 months after delivery. In these two groups, the consumption of cow's milk was avoided, and it was advised that the women reduced the consumption of cow's milk products including yogurt and cheese. The women in the CD group were instructed to consume more than 200mL of cow's milk per day during the corresponding period. There were no restrictions on other foods consumed by any woman. From birth to 6 months of age, the infants in the MD and CD groups were exclusively breast-fed or mixed-fed with breast milk and NAN HA when breast milk was insufficient. The infants in the AF group were mixed-fed with breast milk and an adopted infant formula for the corresponding 6 months. Infants who were fed breast milk exclusively from birth to 4 months of age were excluded from the AF group. The mothers kept a food diary and recorded daily, from late pregnancy until the infant was 6 months old, the amount of MOM HA, cow's milk, cow's milk products, eggs, meat and soy products consumed. The volume of infant formula and the number of breast milk feedings were also recorded daily from the infant's birth until 6 months later. Some women were withdrawn from the study if they failed to keep a food diary, drank cow's milk (in the MD and AF groups), fed their child another infant formula in addition to NAN HA (in the MD and CD groups) or did not complete all the questionnaires described below. The final number of subjects were 102 in the MD group, 127 in the CD group and 54 in the AF group .
Questionnaires. The pregnant women filled in a questionnaire regarding the history of allergies for each family member, including herself, her husband and her children, and some environmental factors including smoking habit, pet keeping and housing environment. Additional questionnaires were sent by mail for examination of allergy development in the infants at 6, 12, 18, and 24 months after birth. The women filled in these questionnaires, and recorded in detail the overall health , diagnosis of allergy development by physicians, and symptoms and duration of atopic disorders. Specific allergies were defined when the following symptoms chronically lasted for more than a few weeks. Atopic eczema was diagnosed when skin areas of scaly erythematous and itchy rash primarily involving the facial area, area behind the ears and flexural folds were present. Asthma was considered when cough and other respiratory symptoms were observed without any suspicion of infections. Allergic rhinitis was defined as clear water discharge from the nose .
Questionnaires were also sent to survey the age at which the infant started to eat eggs and cow's milk in preparation for weaning, the overall health of the infant, the changes, if any, in environmental conditions and the infant's body weight.
Analyses of blood. Umbilical cord blood and venous blood were obtained from all infants at birth and 4 months of age. The total immunoglobulin E (IgE) in serum was measured using a radioimmunoassay (RIA) kit (Shionogi-Seiyaku Pharmaceutical, Tokyo, Japan). The level of cow's milk-specific IgE level in the Formula for Mothers and Infants 401 serum was measured by the CAP-RAST method (Pharmacia & Upjohn, Tokyo, Japan) (32). Specific IgE (RAST) was considered positive when the level was more than 0.35UA/mL. Statistical analysis. Statistical differences were tested using the Chi-square test or Mann-Whitney test to compare the data for each group. The effect of each risk factor was shown as an odds ratio with 95% confidence intervals. Logistic models were made, which included significant risk factors, and the independent contribution was assessed using Wald statistics (33). All statistical analyses were performed using SPSS statistical package software (SPSS Japan, Tokyo, Japan).
RESULTS

Food consumption and growth
The food consumption of the mothers and infants in each group is shown in Figure 1 shows the weights of the infants at birth and at 4 months of age for infants who were fed formula or breast milk exclusively for the first 4 months. NAN HA was well-accepted by the infants. There were no differences in weight among the exclusively breast-fed infants, NAN HA-fed infants and adopted for mula-fed infants at either age. The average in each group was in accord with the 50th percentile reported in a government survey for Japan in 1990.
Immunoglobulin E levels and development of allergies in infants There were no differences in family histories of allergies, umbilical cord blood IgE levels and environmental factors among the MD, CD and AF groups (Table  3) . Smoking by fathers in the AF group was relatively more prevalent than that in the MD and CD groups, but there was no statistical difference.
At 4 months of age, the median for total IgE levels in the MD, CD and AF groups was 3.36, 3.20 and 3.40IU/mL, respectively. There was no difference among the three groups in the total IgE level, but the percentage of infants with high total IgE in the MD group was slightly lower than that in the CD and AF groups ( Fig.  2A ). All infants in the MD group tested negative to cow's milk BAST, whereas 6% of the infants in the CD group and 3% of infants in the AF group tested positive to cow's milk RAST (Fig. 2B ). Allergy development in infants for the first 2 years is shown in Fig. 3 . The overall development of allergic disorders in infants was significantly less frequent in the MD group than that in the CD group at 12 months (p<0.01) and that in the Table  3 . Risk factors related to allergy development in infants. Fig. 2 . Serum total IgE (A) and cow's milk RAST (specific IgE)-positive (B) in infants at 4 months. In the MD group (n=102), mothers consumed MOM HA instead of cow's milk during late pregnancy and the lactating period and their infants were mixed-fed with breast milk and NAN HA for the first 6 months. In the CD group (n=127), mothers consumed cow's milk and infants were mixed-fed NAN HA. In the AF group (n=54), mothers consumed MOM HA and their infants were mixed-fed with an adopted formula. Serum total IgE is shown in the infants whose IgE levels were more than 20IU/mL (A). Cow's milk BAST-positive indicates that the level of cow's milk-specific IgE in serum is more than 0.35UA/mL (B). *p<0.05, as compared to the MD group (Chi square test).
AF group at 6, 12 and 24 months of age (p<0.01, p<0.01 and p<0.05, respective ly). Significantly fewer infants had eczema in the MD group than in the AF group until 12 months of age and in the CD group at all times until 24 months of age. There were no differences among the three groups in the incidence of other symptoms such as asthma, and there was no difference for rhinitis in any group at any age. In the MD group, there were infants exclusively breast-fed for the first 4 months (n=17) and infants mixed-fed with breast milk and NAN HA (n=85). Fig. 2 . Allergy development including atopic eczema, asthma and allergic rhinitis was surveyed using questionnaires filled in by mothers at each age, according to diagnoses by physicians as described in Experimental. *p<0.05, **p<0.01, compared to the incidence of eczema and overall allergy in the MD group at each age (Chi square test).
The NAN HA mixed-fed infants (n=85) also showed a significantly lower frequen cy of allergy development as compared to the AF group. There was no difference in allergy development between the NAN HA mixed-fed infants and the exclusively breast-fed infants in the MD group.
Influence of risk factors on allergy development in infants The odds ratios for some risk factors of allergy development in the infants are shown in Table 4 . The odds ratio for each risk factor represents the multiple risk of the development of a disease as compared to the reference group. The risk of allergy in the infants in the CD group was 1.69 to 2.65 times higher than that in the MD group. The risk in the AF group was 1.96 to 3.99 times higher than that in the MD group.
The risk of allergy in infants with a parental history of allergies was elevated 1.55 to 1.88 times higher than that of infants without a history of allergy in either parent. The risk in infants with a parental habit of smoking was elevated 1.56 to 1.99 times higher than in the infants without parental smoking. High umbilical cord blood IgE levels and pet keeping did not elevate the risk. The median age at which the infants had started to eat eggs as a weaning food was 12 months, and there was no difference in this age between infants who developed an allergy and those who did not. The logistic model of allergy development in infants was calculated for all infants in the three groups using significant factors, including the mothers' diet, infants' feeding, family history of allergies and smoking habit of the parents. In this model, the consumption of cow's milk by the mothers and cow's milk-based formula feeding in the infants were still significant factors to elevate the risk of allergy in infants even after adjustment for the influence of other significant factors (p<0.05).
The odds ratios of these risk factors in the development of eczema and asthma in infants at 12 and 24 months of age are shown in Table 5 . The risk of eczema at 12 and 24 months of age in the CD group was, respectively, 3.02 and 2.12 times higher than that in the MD group. Maternal cow's milk consumption did not elevate the risk of asthma significantly. The risk of eczema in the AF group was 3.18 times higher than that in the MD group at 12 months of age. The risk of asthma in the AF group was not elevated. The smoking habit of the parents significantly elevated the risk of asthma by more than 4 times as compared to infants whose parents did not smoke. The risk of eczema was also elevated by parental smoking, but to a lesser degree than that of asthma.
DISCUSSION
This study was performed to elucidate the effects of two hypoallergenic formulas, one for mothers (MOM HA) and one for infants (NAN HA), on the development of allergies in infants for the first 2 years of life. We first clarified that the incidence of allergies, especially eczema, was lower in infants whose mothers consumed MOM HA instead of cow's milk during pregnancy and lactation (MD group) as compared to infants whose mothers consumed cow's milk (CD group). The low incidence of allergy in infants whose mothers consumed MOM HA was only found when infants were fed breast milk or NAN HA. Lovegrove et al. also reported that maternal avoidance of cow's milk may prevent allergy development in infants (34) . We then ascertained that allergy development in infants who were mixed-fed with breast milk and NAN HA (MD group) was lower than that of the adopted formula mixed-feeding group (AF group), even when the mothers in the both groups consumed MOM HA substituted for cow's milk. Similar findings are shown for the exclusive feeding of the same hypoallergenic infant formula in high-risk infants (10-12). Our findings suggest that cow's milk consumption by mothers and cow's milk-based adopted formula feeding to infants increase the risk of allergy development in the infants, whereas hypoallergenic formula consumption by both the mothers and infants may contribute to a large reduction in the incidence of allergies in infants. Genetic factors shown as a family history of allergies and environmental factors like smoking habits of family members are also known as significant risk factors of allergies (35) (36) (37) . Maternal diet and infant feeding were significant risk factors independent of these genetic and environmental factors in developing allergies in infants.
The reduction of the incidence of eczema development in the MD group lasted for 2 years, even though the preventive diet was no longer consumed after 6 months after birth. Similarly, previous reports indicate that the allergy prevention effect 
